We evaluated differences in outcome by ethnicity among children with acute myeloid leukemia (AML) 
Introduction
Ethnic disparities in outcome have been observed in most forms of adult cancer and in some forms of pediatric cancer, particularly acute lymphoblastic leukemia (ALL). [1] [2] [3] [4] [5] [6] With one exception, 3 these reports have found that black patients have worse outcomes than white patients. The cause of this difference is unknown; investigators have hypothesized that compliance with therapy, access to health care resources, differences in disease phenotype, acceptance of therapies such as transfusion and transplantation, and pharmacogenetic variations may play a role. Despite significant differences in outcomes, recent debate has arisen around the use of ethnicity in clinical and genetic research. [7] [8] [9] [10] However, the need to improve the outcome of pediatric AML therapy warrants careful evaluation of all factors, including ethnicity, which may determine treatment outcome.
Pediatric acute myeloid leukemia (AML) therapy may be the ideal clinical model with which to evaluate the biologic role of ethnicity on treatment outcome. To achieve a cure rate of 50% or more, pediatric AML therapy in North America includes intensive chemotherapy and bone marrow transplantation for patients in first remission with matched related marrow donors. [11] [12] [13] [14] Clinical variables such as presenting white blood cell (WBC) count and blast cytogenetics only partially explain the marked heterogeneity in AML treatment response. 15 Moreover, most pediatric AML care in North America occurs in treatment centers that participate in cooperative group clinical protocols. Thus, pediatric AML patients may have more uniform access to medical care than other patients. Furthermore, pediatric AML therapy occurs primarily in the inpatient setting, thus minimizing the role of compliance in explaining variability in treatment response.
Because there are no reported data on the impact of ethnicity on treatment outcomes of pediatric patients with AML, we sought to evaluate the impact in 2 sequential national Children's Cancer Group (CCG) phase 3 AML trials. Based on the available pediatric ALL and adult AML data, we hypothesized that clinically meaningful and statistically significant differences in treatment response would be found among various ethnic groups.
Patients and methods

Patients
Both CCG 2891 and CCG 2961 were phase 3 randomized trials of primary therapy for AML in pediatric patients from birth to 21 years of age. Local institutional review boards approved both trials, and data safety monitoring boards regularly evaluated each study. All patients or legal guardians provided informed consent before enrollment onto either protocol. Both trials were conducted in accordance with the Helsinki protocol. Ethnicity was defined by treating physicians, nurses, institutional registrars, or clinical research associates who coded study data. Ethnicity was assessed because treatment outcome in pediatric leukemia may vary by ethnicity.
Between 1989 and 1995, CCG 2891 accrued 1096 eligible patients, and between 1996 and 2002, CCG 2961 accrued 987 patients. This analysis excluded patients with isolated granulocytic sarcoma, myelodysplastic syndrome, acute promyelocytic leukemia, and constitutional trisomy 21. Included then were 836 patients from CCG 2891 and 900 patients from CCG 2961.
Patients enrolled on CCG 2891 were randomly assigned to receive chemotherapy courses 1 and 2 according to standard or intensive timing. 11, 12 Patients who achieved remission and had matched family donors (MFDs) proceeded to allogeneic stem cell transplantation (SCT) as course 3. Patients without MFDs were randomly assigned to undergo autologous SCT or Capizzi high-dose cytarabine intensification. 16 Patients randomly assigned to the Capizzi intensification course also received 2 courses of less intensive maintenance therapy after completion of the intensification course. In CCG 2961, all patients received intensively timed course 1 therapy. Patients enrolled on CCG 2961 were randomly assigned to receive 1 of 2 intensive course 2 chemotherapy regimens. As in CCG 2891, patients with MFDs proceeded to allogeneic SCT after completion of course 2 chemotherapy. Patients without MFDs received Capizzi intensification identical to that for patients in CCG 2891. After Capizzi intensification, patients received a course of intrathecal cytarabine, followed by randomization to immune modulation with IL-2 or no further therapy.
Clinical data
The CCG prospectively collected clinical data on patients enrolled on CCG 2891 and CCG 2961, including age at diagnosis, sex, ethnicity, initial white blood cell count, leukemia FAB subtype, leukemia cytogenetics (available on 997 of 1736 de novo patients), leukemic blast immunophenotype (available on 1707 of 1736 de novo patients), extramedullary disease status, toxicity as coded by the CCG T.
Statistical analysis
For both CCG 2891 and CCG 2961, overall survival (OS) was defined as time until death. Event-free survival (EFS) was defined as persistent leukemia at the end of 2 courses, leukemia relapse, secondary malignancy, or death. Disease-free survival (DFS) was defined as leukemia relapse, secondary malignancy, or death in patients achieving remission. This report analyzes data collected through January 14, 2004, and April 5, 2005 , for CCG 2891 and CCG 2961, respectively. All patients were censored at the date of last contact. To compensate for the tendency of deaths and relapses to be reported sooner than ongoing follow-up, these events were censored 6 months before data cutoff. This censoring occurred on July 14, 2003 , and October 5, 2004 , for CCG 2891 and CCG 2961 The Kaplan-Meier method was used to estimate OS and EFS from the date of study entry and OS, DFS, and relapse-free survival (RFS) from the end of 2 courses. 17 The log rank statistic was used to test survival differences in RFS, EFS, and OS. 18 For small samples, 2 analysis or Fisher exact test was used to test for differences between observed proportions. Cumulative incidence estimates were used to determine time to neutrophil recovery. Time to neutrophil recovery was defined as the cumulative incidence of recovery when death was a competing event. 19 Patients without recovery and alive by the end of the first course were censored. The Gray test was used to compare cumulative estimates between ethnic groups. 20 Cox proportional hazards models were fit with standard clinically relevant covariates. 21, 22 All P values were 2 sided and were set at .05 for statistical significance. All analyses were conducted on an intent-to-treat basis.
Results
Patient characteristics: CCG 2891
Eight hundred thirty-six children with de novo AML were enrolled on CCG 2891-558 (66.7%) were white, 114 (13.6%) were Hispanic, 94 (11.2%) were black, 25 (3.0%) were Asian, and 45 (5.4%) were classified as "other." The group categorized as other will not be further considered. For personal use only. on May 29, 2017. by guest www.bloodjournal.org From features of the patients by ethnicity. Compared with the group overall, white children were more likely to have a chromosome 11 abnormality in leukemic blasts. Hispanic children were more likely to be male than the group overall. The proportion of patients with the cytogenetic abnormalities t(8;21), inv (16) , and del (7) did not differ among the ethnic groups, and no statistically significant differences in age or initial white blood cell count were observed.
Treatment administered: CCG 2891
Black children were more likely than white children (46.8% vs 35.8%; P ϭ .055) to be assigned to standard rather than to intensively timed induction therapy. Additionally, a lower proportion of black children were assigned to allogeneic bone marrow transplantation (BMT) as consolidation therapy than white children because of an apparent lower rate of donor availability in black families (10.1% vs 30.3%; P Ͻ .001). Table 2 summarizes CCG 2891 induction outcomes by ethnicity. Hispanic and black children had worse outcomes from enrollment on CCG 2891 than other ethnic groups ( Figure 1 ). Although Hispanic patients had an approximately 7% lower induction remission rate at the end of 2 courses than white children (70.9% vs 77.9%; P ϭ .144), differences in remission induction rates were not statistically significant (Table 2) . Similarly, from on study, the 10% lower overall survival difference for Hispanic children approached, but did not achieve, statistical significance (50% Ϯ 12% vs 59% Ϯ 5%; P ϭ .137). This decreased overall survival stemmed primarily from an increased induction death rate (11.4% in Hispanic children vs 5.6% in white children; P ϭ .036; Table 3 ), a decreased remission induction rate, and a decreased survival rate on the standard timing induction arm (22% Ϯ 13% in Hispanic children vs 44% Ϯ 7% in white children; P ϭ .011; see Supplemental Table T1 on the Blood website, at the Supplemental Tables link at the top of the online article).
Treatment outcome: CCG 2891
OS rates (34% Ϯ 10% vs 48% Ϯ 4%; P ϭ .003) and EFS rates (25% Ϯ 9% vs 36% Ϯ 4%; P ϭ .044) from study entry for black children were lower than for white children, as were OS rates (43% Ϯ 12% vs 59 Ϯ 5%; P ϭ .004) and DFS rates (33% Ϯ 11% vs 47 Ϯ 5%; P ϭ .012) from the end of 2 courses ( Figure 2 ; Table  4 ; Supplemental Table T1 ). This difference was most pronounced in the standard timing induction arm, in which OS and EFS from study entry were all statistically significantly lower in black children than in white children (Supplemental Tables T1 and T2 ). This survival disadvantage appeared to be overcome in black children assigned to intensive timing induction therapy (Supplemental Tables T1 and T2 ). Moreover, black children assigned to allogeneic or autologous BMT had outcomes similar to those for white, Hispanic, and Asian children in the standard and the intensive timing groups (Supplemental Tables T1 and T2 ).
Multivariate analysis adjusted for age (birth to 2 years, older than 2 to 10 years, older than 10 years), WBC count (less than 50 ϫ 10 9 /L, 50 ϫ 10 9 /L or greater), liver and spleen sizes, and induction regimen timing confirmed reduced survival from study entry (HR, 1.40; 95% CI, 1.05-1.86; P ϭ .020) in black patients receiving chemotherapy after induction therapy compared with white patients. A second multivariate analysis confirmed reduced survival from the end of 2 courses (HR, 1.64; 95% CI, 1.14-2.34; P ϭ .007) and reduced DFS (HR, 1.42; 95% CI, 1.03-1.96; P ϭ .034) in black patients compared with white patients. However, results of an equivalent EFS analysis were not statistically significant (HR, 1.20; 95% CI, 0.93-1.56; P ϭ .167).
The rate of death caused by infection was almost double in black patients what it was in white patients. This difference approached, but did not reach, statistical significance (11% vs 6%; P ϭ .099). Concordantly, compared with white patients, black patients had significantly longer hospital stays during the first course (median, 38 days vs 33 days; P ϭ .002). Toxicity rates not related to infection during the first course of therapy did not differ between ethnic groups.
To determine whether these observations were specific to CCG 2891 or were more widely applicable, we examined outcomes in the successor study, CCG 2961, which made use of broadly similar therapies.
Patient characteristics: CCG 2961
Nine hundred children with de novo AML were enrolled on CCG 2961-583 (64.8%) were white, 157 (17.4%) were Hispanic, 84 (9.3%) were black, and 26 (2.9%) were Asian. Thirty-four (3.8%) patients were classified as other, and ethnicity data were missing for 16 (1.8%) patients. These patients are not considered further. (20) .648 52 (21) .617
For statistical analysis, white patients were compared with a combined group of other ethnic groups, and other ethnic groups were individually compared with white patients alone. Remission rate was defined from start of therapy to the end of course 2; treatment outcome (OS, EFS) was estimated from end of 2 courses. SE indicates standard error. (7) were observed.
Treatment administered: CCG 2961
As in CCG 2891, a smaller percentage of black children than white children in remission after 2 courses of therapy had available allogeneic related donors (7.5% vs 30.5%; P Ͻ .001).
Treatment outcome: CCG 2961
Remission was achieved in 85.6%, 87.3%, 76.8%, and 83.3% of white, Hispanic, black, and Asian children, respectively ( Table 2) . As in CCG 2891, remission status at the end of 2 courses of therapy in CCG 2961 did not differ by ethnicity.
Outcomes of CCG 2961 from study entry are shown in Figure 3 . From on study, Hispanic children had lower, borderline statistically significant OS and EFS rates, respectively, than white children (51% Ϯ 8% vs 60% Ϯ 4% [P ϭ .065]; 40% Ϯ 8% vs 46% Ϯ 4% [P ϭ .101]; Table 2 ). Multivariate analysis adjusted for age (birth to 2 years, older than 2 to 10 years, older than 10 years), WBC count (less than 50 ϫ 10 9 /L, 50 ϫ 10 9 /L or greater), liver size, and spleen size confirmed reduced survival from study entry (HR, 1.32; 95% CI, 1.01-1.72; P ϭ .041) in Hispanic patients compared with white patients. However, results of an equivalent EFS analysis were not statistically significant (HR, 1.23; 95% CI, 0.97-1.56; P ϭ .086).
In black children, 3-year OS and EFS rates from study entry were significantly lower than they were in white children (Table 2) . Survival from the end of 2 courses was superior in children with available allogeneic donors than in those without such donors for all ethnic groups (Supplemental Table 2 ). In contrast, OS and EFS rates from the end of 2 courses were inferior in black children without donors than in white children without donors (50% Ϯ 15% vs 72% Ϯ 6% [P Ͻ .001] and 27% Ϯ 13% vs 55% Ϯ 6%; P Ͻ .001; Figure 4 ; Supplemental Table T2 ).
Although site-specific toxicity rates during the first course of therapy did not differ significantly by ethnicity, the induction death rate was lower in white children than in black and Hispanic children (8.4% vs 10.7% and 15.9% [P ϭ .02] ; Table 3 ). The overall treatment-related death rate was also lower in white children (14%) than in black (18%) and Hispanic (19%) children. This difference approached, but did not reach, statistical significance (P ϭ .075). This lower rate stemmed primarily from a lower mortality rate from complications of infection in white children (9%) than in black (13%) and Hispanic (16%) children (P ϭ .035). Concordantly, as measured during the first course of therapy, time to neutrophil recovery was significantly shorter in white children (P ϭ .013), as were hospital days (P ϭ .002).
Discussion
This paper is the first to address the impact of ethnicity on the outcome of therapy for children with AML. Our analysis of CCG study 2891 shows inferior survival in Hispanic and black children, particularly in those patients receiving the least intensive therapy. This difference in survival is less marked in Hispanic and black children randomly assigned to intensive therapy, suggesting that intensive therapy improves leukemia control in these patients. Interestingly, the risk for infection-related mortality was nearly doubled in black patients. Thus, the gains in leukemia control from intensive therapy were diminished, but not abrogated, by increased treatment-related infectious complications.
To confirm these findings, we analyzed outcomes in the successor study, CCG 2961. This analysis largely confirmed the findings in CCG 2891. Hispanic and black children on CCG 2961 had inferior OS and EFS compared with white children. Although Hispanic children did not have inferior DFS, black children also had inferior DFS. Thus, the diminished survival in Hispanic children derived primarily from increased infection-related mortality rather than from decreased leukemia control. In contrast, the decreased OS in black children was caused by both decreased leukemia control and increased toxicity.
As in CCG 2891, black children receiving more intensive therapy (ie, allogeneic bone marrow transplantation) had improved For personal use only. on May 29, 2017. by guest www.bloodjournal.org From outcomes. This observation should be interpreted cautiously because a surprisingly low number of black children had available allogeneic donors (Table 3) .
Explanations often cited for differences in treatment outcome by ethnicity, such as less favorable disease or more advanced disease at presentation, were not likely causes of the differences in our population. Reduced survival by ethnicity could have reflected reduced compliance with therapy. However, because all therapy was administered in a hospital according to protocol and almost all therapy was administered intravenously, clinically important differences in therapy administration seem unlikely.
An alternative explanation may be the presence of clinically important pharmacogenetic differences in drug metabolism and infection susceptibility in children of different ethnicity. An additional explanation for these observations might be the effect of socioeconomic status that had not been explored directly in our study. It may be that differences in nutrition lead to selective depletion of critical nutrients or that poor diet quality resulting in obesity affects response to chemotherapy. 23 Although this is the first analysis of ethnicity and therapy outcomes in children with AML, the Cancer and Leukemia Group B (CALGB) performed a similar analysis in adults. 5 The authors analyzed outcomes in 270 black and 2300 white patients with AML. Although outcomes in black women were similar to those in white women, remission induction and OS were reduced in black men compared with white men. The reasons for these differences in black men are undetermined but are consistent with our results. Sekeres et al 24 speculate that different etiologic exposures or referral practices might have influenced the findings. As the pediatric cooperative groups approach population-based coverage of childhood leukemia, a skewing of findings by referral practices is less likely to occur.
Papers from 3 major groups have examined survival of children with ALL by ethnicity. In a study of 4952 ALL patients younger than 19 from the 9 population-based Surveillance, Epidemiology and End-Results (SEER) registry, Kadan-Lottick et al 2 found inferior survival for black, Hispanic, and American Indian/Alaskan Native children in all treatment eras between 1973 and 1999. A report from St Jude Children's Research Hospital demonstrated similar clinical outcomes in 68 black and 338 white children with ALL. 3 A report of CCG ALL studies of 8447 children with leukemia, likely with some overlap of cases with those included in the SEER study 1 also identified inferior survival in Hispanic and black children compared For personal use only. on May 29, 2017. by guest www.bloodjournal.org From with white children and superior survival in Asian children. The authors speculated that inferior outcomes might result from reduced compliance with therapy, a large part of which is outpatient based and administered orally, or from pharmacogenetic differences. These analyses differ from our study because essentially all therapy for childhood AML is given in an inpatient setting. Thus, differential outcomes by ethnicity are unlikely to be related to patient compliance.
An unexpected finding in our study was the low percentage of black children with available matched family donors from whom to receive allogeneic transplants. In both CCG 2891 and CCG 2961, the percentage of black children reported as having a matched donor was well below the expected 30%, in contrast to white, Hispanic, and Asian children. This finding is puzzling and could reflect different family structures, with smaller numbers of fully matched siblings. Alternatively, families may be opting not to select transplantation as a treatment and so are not accepting HLA testing of siblings.
A number of studies have shown less than expected utilization of bone marrow and solid organ transplantation by black patients. An analysis of inpatient hospital discharge data from 4 states shows that black patients with leukemia and lymphoma are only half as likely as white patients to undergo BMT. 25 Barriers to recruitment of black donors into the National Marrow Donor Program include lack of awareness that transplantation can save lives, cost of donation, and lack of opportunities to donate. 26 Davidson and Devney 27 report that religious views on the morality of donation and distrust of the medical profession deter marrow donation in black donors. The ongoing Children's Oncology Group (COG; successor to CCG) AML study will collect data on family structure, donor testing, and uptake of BMT in a prospective fashion to investigate the low frequency of allogeneic BMT in black children.
This study has identified inferior survival in Hispanic and black children with AML treated with chemotherapy in 2 consecutive cooperative group studies. Because these AML therapies were administered in an inpatient setting, the differences in outcome are unlikely to have resulted from reduced access to care or poor compliance. Limitations of our study include the absence of measures of socioeconomic status and the inherent difficulty in accurate reporting of ethnicity. In addition, no data are available on family size in black patients to allow interpretation of the differences seen in donor availability. Future prospective studies will seek to investigate socioeconomic status, family size, and pharmacogenetic variation as potential reasons for inferior outcomes in Hispanic and black children. 
